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INTRODUCTION
Species richness in animal communities of marine
ecosystems is influenced by several factors. These
include abiotic variables (e.g. habitat structure, tem-
perature, salinity), species interactions (e.g. predation,
competition), degree of stability, and exchange with
adjacent habitats (Tilman 1994, Chesson 2000). Tropi-
cal seagrass beds are characterised by a high species
richness compared to other, structurally less complex,
habitat types. These ecosystems harbour resident spe-
cies (i.e. species completing most or all of their life
cycle there), nursery species (species using the ecosys-
tems only during their juvenile stage) and occasional
visitors (species visiting from adjacent ecosystems),
all of which are able to coexist in a single ecosystem
(Blaber 2000). In the Caribbean, seagrass fish commu-
nities in bays and lagoons mostly consist of nursery
species (Parrish 1989, Nagelkerken et al. 2000b). The
species occurring in these seagrass beds must possess
adaptations to survive in a habitat which has its own
specific characteristics. Nagelkerken & van der Velde
(2004a) showed that fishes of seagrass beds had differ-
ent ecological traits than those from adjacent sand/
mud bottoms. Such adaptations are particularly impor-
tant for resident species.
Shallow-water habitats such as seagrass beds pro-
vide an extension of the available habitat space for
coral reef fish species. The degree to which these spe-
cies depend on such a habitat extension differs be-
tween species; those found in seagrass beds primarily
use this habitat as a shelter and foraging area (Parrish
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1989). Seagrass beds provide a high degree of struc-
tural complexity, thus creating a higher diversity of
niches (Orth et al. 1984). As a result they can harbour a
relatively high biodiversity. Since many coastal ecosys-
tems, including seagrass beds, can contain high animal
densities and species numbers, the question arises
as to how populations of different species manage to
coexist in these ecosystems.
Coexistence of species occurs in a number of situa-
tions: (1) When advantages during one life-stage (e.g.
lower mortality of adults) imply disadvantages during
another life-stage (e.g. lower fecundity of juveniles) as
a result of ontogenetic differences in life history strate-
gies (McCann 1998); (2) when niches are undersatu-
rated and, through factors such as disturbance, disease
or predation, populations do not reach sufficiently
high densities for strong interactions (Huston 1979);
(3) when there is some degree of segregation in time,
space, or food (Schoener 1974). 
According to the competitive exclusion principle,
coexisting species must differ in their trophic niches
when the environment is constant and homogeneous.
If this is the case, then one species is likely to be
excluded by being outcompeted by another species
sharing the same niche (Townsend 1995). Therefore,
coexisting species must either utilise different re-
sources, utilise the same resource but within a differ-
ent microhabitat, or utilise the same resource at a dif-
ferent time. Communities structured in this way are
defined as ‘niche-controlled’ (Yodzis 1986). Species
diversity in seagrass beds may thus be partly ex-
plained by different ecological requirements of species
in relation to the range in microhabitats and food types
present, viz. by so called ‘niche-control’ (Townsend
1995). This only applies, however, if resources are
limiting and competition occurs. If this is not the case,
patterns of resource-use may overlap (Sale 1974).
Experiments which vary the degree of resource avail-
ability are often not technically feasible, but studies on
resource overlap are. Although the presence of
resource segregation does not prove interspecific com-
petition for food, it can assess whether competition
may have played a role during the course of the co-
existence of the fishes (Sale 1974).
The degree of resource segregation in fish communi-
ties of seagrass beds has received little attention. Fur-
thermore, many detailed studies have been carried out
on the diet composition of some fish species on sea-
grass beds (see reviews by Pollard 1984, Parrish 1989,
Blaber 2000), but little is known so far about the
trophic functioning of entire seagrass fish communi-
ties. Many studies have focussed on a narrow selec-
tion of fish species, and knowledge about resource-
partitioning between fish species is biased towards
the subadult and adult stages (Ross 1986).
In the present study we investigated the degree of
resource segregation in a complete seagrass fish com-
munity, by testing the null hypothesis that species
show no segregation with respect to time, space and
food. For this we used both gut-content analysis (pro-
viding information about food-partitioning) and stable
carbon and nitrogen isotope analysis (providing infor-
mation about where the food was obtained).
MATERIALS AND METHODS
Study area. The study was carried out in Spanish
Water Bay on the Caribbean island of Curaçao,
Netherlands Antilles. The bay has a maple-leaf shape,
with a total surface area of approximately 3 km2, and is
mostly less than 6 m deep (Fig. 1). The shoreline of the
bay is fringed by Rhizophora mangle mangrove trees
whose prop-roots are always inundated. Monospecific
Thalassia testudinum seagrass beds are located in
front of the mangroves at depths of 0.4 to 3 m. Mean
(±SD) seagrass cover in the bay at the time of the study
was 81 ± 12%, height of the seagrass canopy above the
substratum was 22 ± 8 cm, and seagrass shoot density
was 143 ± 66 m–2. Based on shoot density, the seagrass
bed can be considered as being rather thin, but the
relatively long overhanging seagrass leaves provide a
seagrass canopy of high cover and sufficient shelter for
fishes. At depths between approximately 3 and 6 m,
the bay consists of a subtidal muddy/sandy seabed
with a low algal cover (<20%) comprising Halimeda
opuntia, H. incrassata, Cladophora sp. and Caulerpa
verticillata (Kuenen & Debrot 1995). There is a deep
channel (depth between 11 and 18 m) in the central
parts of the bay (Fig. 1).
Mean (±SD) water temperature and salinity in the
seagrass beds were 28.3 ± 0.2°C and 35.4 ± 0.2, respec-
tively. The bay has relatively clear water with an aver-
age horizontal Secchi disk visibility of 6.2 ± 2.1 m. The
average daily tidal range is about 30 cm (de Haan
& Zaneveld 1959).
Sampling design. Multiple stable-isotope and gut-
content analyses were both used to improve the ability
to detect food-partitioning among fishes of seagrass
beds. The disadvantages of gut-content data are that
they provide only snapshots of feeding habits, and that
food items from guts may be unidentifiable, may be
processed at different rates, or may be resistant to
digestion and not assimilated at all, and could thus be
over- or under-represented. Furthermore, since many
fishes undertake diurnal or tidal feeding migrations
between different habitats, it is often difficult to deter-
mine the origin of the food in a fish’s stomach. There-
fore, gut-content analysis was necessary to determine
which food type had been consumed, and stable-
80
Nagelkerken et al.: Food segregation in a seagrass fish community
isotope analysis was necessary to distinguish the
trophic level and food source (i.e. type of habitat).
Fishes were collected between May and September
1998 from seagrass beds in Spanish Water Bay (Fig. 1),
using a beach seine net. Collections were made in the
morning (around 10:00 h) to ensure the presence of
filled stomachs in nocturnally as well as diurnally
active fish species; diet analysis confirmed that most
guts contained food. Gut-content analysis followed the
methods of Cocheret de la Morinière et al. (2003) and
Nagelkerken & van der Velde (2004b).
The muscle tissue of the 29 fish species caught on
seagrass beds (see Table 1) and several potential
food items from the seagrass beds were sampled for
stable carbon and nitrogen analysis. Further details
on the procedure can be found in Nagelkerken &
van der Velde (2004b,c). Stable-isotope ratios of ani-
mals reflect those of their diet, whereby a consumer
shows an average 1‰ enrichment in carbon with its
food source and an average 3‰ enrichment in nitro-
gen (DeNiro & Epstein 1978, Rau et al. 1983, Fry
1984, 1988, Minagawa & Wada 1984), although vari-
ations in δ15N enrichment can sometimes be more sub-
stantial (DeNiro & Epstein 1981, Minagawa & Wada
1984).
Data analysis. For each combination of fish species,
the Schoener’s index of diet overlap (Ojk, Schoener
1970) was calculated as:
Ojk = 1 – 0.5 (Σ|pij – pik |)
where pij and pik are the proportions of the ith resource
(prey item) consumed by Species j and k, respectively.
The index ranges from 0 (no overlap) to 1 (complete
overlap), with values >0.6 representing a significant
overlap (Scrimgeour & Winterbourn 1987, Sala &
Ballesteros 1997).
Diet breadth was calculated for each species using
Levin’s standardised index (Hurlbert 1978): 
where Bi = Levin’s standardised index for Fish i, n = the
number of food categories, and pij = the proportion of
the diet of Fish i that is made up of Food j. The index
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Fig. 1. Locations of Curaçao (C), Spanish Water Bay, and sites of fish collection (X) in the seagrass beds
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ranges from 0 to 1, with low values indicating diets
dominated by a few food items.
Statistical differences in δ13C and δ15N were tested
using Student’s t-tests (2 variables) or 1-way ANOVAs
(>2 variables). ANOVAs were followed by a Hoch-
berg’s GT2 post-hoc test for comparison of means. For
comparisons of the omnivores, the variances were not
homogene (Levene’s test) and a Games-Howell test
was used instead (Field 2002).
RESULTS
Trophic structure of fish and invertebrate community
The 29 selected fish species represented 91.9% of
the total fish density in the seagrass beds of Spanish
Water Bay (Table 1). The 2 most dominant species
were Scarus iserti and Haemulon flavolineatum, each
accounting for about one-third of the total seagrass
fish density. Less dominant species (1.5 to 6.2% of total
density) were Acanthurus chirurgus, Eucinostomus
spp., H. sciurus, Archosargus rhomboidalis, Chaeto-
don capistratus and Ocyurus chrysurus. The remain-
ing species contributed <0.8% to the total fish com-
munity.
Potential food items from the seagrass beds showed
a clear difference in average δ15N values (Fig. 2a), with
values increasing from seagrass-related flora (sea-
grasses detritus, epiphytes, and leaves; mean =
0.3‰), through macroalgae (2.4‰), to zooplankton
and macrozoobenthos species (4.4‰), excluding the
3 groups Ophiuroidea, Mysidacea and particulate
organic matter, all of which had relatively high δ15N
values (6.5‰).
Based on differences in average δ15N values, the sea-
grass fish community was segregated into 3 trophic
levels (Fig. 2b): (1) primary consumers (herbivores; mean
δ15N = 4.3‰), (2) secondary consumers
(omnivores, zoobenthivores and zoo-
planktivores; mean δ15N = 6.5‰), and
(3) tertiary consumers (piscivores; mean
δ15N = 8.4‰). Both the primary (2 subclus-
ters) and the secondary (3 subclusters)
consumers were further subdivided into
several subclusters with a similar average
δ15N, but a different range in average δ13C
values, indicating considerable difference
in their carbon sources (Fig. 2b).
Herbivores
The 4 herbivores Acanthurus bahi-
anus, A. chirurgus, Scarus iserti and
Sparisoma chrysopterum showed clear
differences in average δ13C values
(Fig. 2b) and relatively low degrees of
dietary overlap (Table 1), indicating seg-
regation of their diet (Table 2). The sta-
ble-isotope data for S. iserti suggest that
it feeds almost exclusively on seagrass
epiphytes (based on an average δ13C
enrichment of 1‰ and an average δ15N
enrichment of 3‰ between a consumer
and its food), consisting mainly of fila-
mentous algae (Fig. 2a). Gut-content
analysis (Table 1) and observations in
the field (I. Nagelkerken pers. obs.) have
confirmed that juvenile S. iserti feed
mainly on epiphytic filamentous algae.
For Sparisoma chrysopterum, the
stable-isotope data suggest a diet of
seagrass leaves with epiphytes (Fig. 2).
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Fig. 2. Mean δ13C and δ15N values of (a) potential food items and (b) fishes col-
lected from seagrass beds in Spanish Water Bay. In (a) decapods are separated
into crabs and shrimps; epiphytes on seagrass leaves consist largely of filamentous
algae; POM: particulate organic matter in water column. In (b) fishes with similar
stable-isotope values are encircled by numbered ellipses; H: herbivore; LF: newly
settled larval fish; O: omnivore; P: piscivore; ZB: zoobenthivore; ZP: zooplank-
tivore. Full species names in Table 1, together with SEs for δ13C and δ15N
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Nagelkerken et al.: Food segregation in a seagrass fish community
The gut-content analysis confirmed that seagrass
leaves were the main source of food (90%; Table 1).
Acanthurus bahianus showed depleted δ13C values
(average –13.5‰) compared to Scarus iserti and Spari-
soma chrysopterum (average –10.3 and –11.9‰, re-
spectively). The contents of its digestive tract com-
prised mainly filamentous algae (45%) and some
seagrass (20%) (Table 1), but the δ13C values of its tis-
sue showed that it was depleted, rather than enriched,
relative to these 2 food items (Fig. 2b). This indicates
that its diet also included a more depleted food source,
in this case probably macroalgae (8% of the digestive
tract content).
The mean δ13C value of Acanthurus chirurgus
(–16.8‰) was significantly depleted (p < 0.050, Hoch-
berg’s GT2 test) compared to that of the other 3 herbi-
vores. Gut-content analysis showed that macroalgae
were the main food source (55%; Table 1). Taking an
average δ13C value of –20.1‰ for mangrove macroal-
gae (Nagelkerken & van der Velde 2004b) and an
average –15.0‰ for seagrass macroalgae (Fig. 2a) into
account, the data suggest a mixed diet of macroalgae
from the mangroves and seagrass beds and spatial
separation of feeding habitat from that of the other
herbivore species (Table 2).
Zoobenthivores and omnivores
Most zoobenthivores and omnivores had δ13C values
that were in accordance with macroinvertebrates from
the seagrass bed as food source (Fig. 2). Most species
showed an extremely narrow dietary breadth (Table 1)
indicating the presence of a large number of specialist
feeders on the seagrass bed. However, a high number
of species fed on Decapoda or Tanaidacea (Table 1).
Nevertheless, a more in-depth analysis of the data sug-
gests a significant degree of resource-partitioning
along different resource axes (see below and Table 2).
Gerreidae and Haemulidae foraged predominantly
on Tanaidacea, whereas Lutjanidae foraged mainly on
Decapoda (Table 1). Gerreidae (diurnal feeders) and
Haemulidae (nocturnal feeders) did not compete for
food as they were temporally segregated when feeding
(Table 2). Among the Gerreidae, the δ13C values of
Eucinostomus gula and E. jonesi differed significantly
(p = 0.035, Student’s t-test) in δ13C by, on average, 2.6‰
(Fig. 2b). They both fed predominantly on Tanaidacea
(Table 1), but 24% of E. jonesi’s diet also consisted of
zooplankton (Copepoda and Mysidacea), which proba-
bly explains its lower δ13C value compared to E. gula.
E. gula and Gerres cinereus had the same δ13C signa-
ture, but the latter had a broader diet, including a sig-
nificant contribution by Gastropoda (26%). Among the
Haemulidae, Haemulon chrysargyreum had a highly
depleted average δ13C value (Fig. 2b). The other 3
Haemulon species had more comparable values, but a
significant difference in δ13C (p = 0.021, Hochberg’s
GT2 test) was found between H. flavolineatum and H.
sciurus. This was supported by the gut-content analy-
sis, which revealed some difference in composition of
the diet between these 2 species (Table 1). Among the
Lutjanidae, the nocturnally active Lutjanus apodus and
L. griseus had almost the same gut contents and δ13C
and δ15N values, which could indicate competition for
food sources. The δ15N value of L. analis was on aver-
age 1.3‰ lower (p < 0.019, Hochberg’s GT2 test) than
that of the other 2 species, suggesting a different
food source for this species. This was confirmed by
the diet analysis, which revealed a gut content com-
prising 100% Decapoda for L. analis, and a mixture of
Tanaidacea and Decapoda for the other 2 species.
Diodon holocanthus had an average δ13C value that
differed clearly from that of the other zoobenthivores
(except Albula vulpes), and foraged predominantly
on bivalves (49% gut content) and decapods (22%)
(Table 1, Fig. 2). Since it was the only species special-
ising on bivalves, it probably did not compete sig-
nificantly for food with other zoobenthivores in the
seagrass bed (Table 2).
Compared to the other zoobenthivores, Haemulon
chrysargyreum and Mulloidichthys martinicus had
highly depleted δ13C values (average –15.5‰). These
values were in accordance with food from the man-
groves (–16 to –21‰; Nagelkerken & van der Velde
2004b), suggesting spatial separation in food habitat
from the other zoobenthivores (Table 2).
The gut contents of the omnivores Chaetodon capis-
tratus and Stegastes leucostictus consisted mainly of
filamentous algae (Table 1), and their δ13C values did
not differ significantly (p = 0.234, Games-Howell test).
However, there was a significant difference (p < 0.050,
Games-Howell test) in δ13C values between S. leuco-
stictus and both Archosargus rhomboidalis and Lac-
tophrys triqueter (Fig. 2b). C. capistratus and S. leu-
costictus also forage on animal food (Randall 1967), as
was clear from their high δ15N values, which lay within
the range of those for carnivores rather than those for
herbivores (Fig. 2b); this is probably also true for the
omnivore L. triqueter, which had similar δ15N values.
The omnivore A. rhomboidalis had a significantly
lower average δ15N than L. triqueter, and its high
dietary breadth indicated that it is a more generalist
feeder than the other omnivores (Table 1).
Zooplanktivores and larval fishes
The 4 zooplanktivore species could be divided into
2 groups with very different δ13C signatures (Fig. 2b).
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The first group comprised Harengula humeralis and
Selar crumenophthalmus, whose δ13C values were
very low compared to those of other fishes from the
seagrass bed, but similar to those of newly settled
larvae of Acanthurus bahianus, Haemulon flavo-
lineatum and Ocyurus chrysurus, with an oceanic
stable-carbon signature (average –19 to –17‰). For
Harengula humeralis or S. crumenophthalmus the
stable-isotope data indicate a diet consisting of zoo-
plankton (Fig. 2). The second group consisted of
Atherinomorus stipes and Ocyurus chrysurus, with
δ13C values within the range of values for fishes
feeding in the seagrass bed (Fig. 2b). The diet of
O. chrysurus consisted of both benthic Tanaidacea
and Decapoda, and of pelagic Mysidacea (Table 1).
Likewise, the stable-isotope data support a mixed
diet of zooplankton and benthic crustaceans (Fig. 2).
For A. stipes no diet data were available, but the sta-
ble-isotope data do not indicate selective feeding on
zooplankton only, since the δ13C values of zoo-
plankton was too low compared with that of this fish
species.
Piscivores
The only obligatory piscivore inhabiting the sea-
grass beds, Sphyraena barracuda, had the highest
average δ15N value of all fishes, as would be
expected for a top predator. However, its average
δ13C value was depleted relative to all but 1
seagrass fish species (Atherinomorus stipes;
Fig. 2a). Considering an average of 1‰
enrichment between prey and predator, the
stable-isotope data indicate that its diet could
consist of the pelagic silverside A. stipes or
of a mixture of the carbon-depleted pelagic
Harengula humeralis and Selar crumenoph-
thalmus and carbon-enriched benthic sea-
grass fish species. 
Differences in resource utilisation
On the basis of differences in feeding time,
feeding habitat and diet, a conceptual model of
the food-web structure of the fish community of
the seagrass bed was constructed (Fig. 3). Spe-
cies were segregated along 1 to 3 different
resource axes simultaneously (Table 2): feed-
ing time and diet (33.3%), diet only (25.5%),
time, habitat and diet (15.2%), habitat and diet
(13.4%), time only (3.5%), habitat only (2.6%).
Absence of segregation was found for only
6.5% of the species.
DISCUSSION
Seagrass was consumed by several herbivorous spe-
cies. Although many animals ingest seagrass leaves
(Randall 1967, McRoy & Helfferich 1980), it is gener-
ally considered to be of little nutritional importance
(Fry 1984, Kitting et al. 1984, Moncreiff & Sullivan
2001). One Caribbean reef fish is known to live almost
exclusively on seagrass leaves, viz. the bucktooth par-
rotfish Sparisoma radians (Randall 1967, Lobel &
Ogden 1981). The present study has shown that Spari-
soma chrysopterum also feeds almost exclusively on
seagrass leaves, and the stable isotope data confirmed
that this food is also assimilated. Scarus iserti and
Sparisoma chrysopterum fed on closely associated
food types, but whereas the former fed only on
seagrass epiphytes, the latter consumed the entire
seagrass leaves, including epiphytes. However, these
species appear to be spatially separated in the seagrass
beds. Scarus iserti was mainly observed to feed on
epiphytes while swimming in schools above the
seagrass canopy, whereas juvenile Sparisoma chryso-
pterum were always observed roaming under the
seagrass canopy between the shoots (I. Nagelkerken
pers. obs.). Although the seagrass blades consumed
by S. chrysopterum bear the epiphytes that are con-
sumed by Scarus iserti, the 2 species probably do not
compete for food, as both food sources are highly
abundant in the seagrass beds and thus probably
non-limiting.
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Fig. 3. Conceptual model of food web structure of fish community of
seagrass beds in Spanish Water Bay. Day/night activity patterns from 
Starck & Davis (1966) and Collette & Talbot (1972)
Nagelkerken et al.: Food segregation in a seagrass fish community
The zoobenthivores displayed several differences
in diet and stable-isotope values, suggesting some
degree of segregation in food. They may further avoid
interspecific food competition by spatial separation
during feeding. Ogden & Zieman (1977) showed that
Haemulon flavolineatum and H. plumieri (both of
which occurred in high densities in the seagrass beds
at St. Croix) may avoid competition by homogenous
distribution in favoured feeding areas along fixed
migration routes, and by differential preference for
either dense seagrass beds or more open sandy sea-
grass beds. Burke (1995) found a similar result for H.
flavolineatum and H. sciurus.
The larval fishes had δ13C signatures (–19 to –17‰)
close to those of mangrove invertebrates (–25 to –19‰;
Rodelli et al. 1984, Stoner & Zimmerman 1988, Mar-
guillier et al. 1997, Lee 2000, Schwamborn et al. 2002),
but these are an unlikely food source. Since stable iso-
topes from food sources accumulate in muscle tissue in
terms of weeks to months (Gearing 1991), or during a
4-fold increase in weight for fast-growing organisms
(Fry & Arnold 1982), it is more likely that these recently
settled fishes still possessed an offshore carbon signa-
ture typical of pelagic species and their planktonic
food; stable carbon-isotope values of phyto-/zooplank-
ton and of pelagic fishes from the open ocean typically
lie around –22 to –20‰ and –18 to –16‰, respectively
(Fry et al. 1982, Rau et al. 1983, Rodelli et al. 1984,
Boutton 1991, Herzka et al. 2001). The 2 zooplankti-
vores Harengula humeralis and Selar crumenophthal-
mus are pelagic species that seasonally enter the bays
of Curaçao (Zaneveld 1962). Although their stable-
isotope signatures support a diet based on seagrass
zooplankton, it cannot be determined to what degree
they also feed on oceanic zooplankton.
The stable-isotope data indicate that the only pisci-
vore, Sphyraena barracuda, appears to feed on the
pelagic Atherinomorus stipes. Our field observations
showed that large schools of A. stipes (and small
anchovies and herrings) shelter at the mangrove–
seagrass interface during the daytime, which coincides
with the location where S. barracuda is often observed.
Furthermore, the gut-content analysis revealed pre-
dominantly silversides, anchovies and herrings in the
diet of S. barracuda. It cannot be excluded, however,
that the diet of S. barracuda is based on a mixture of
benthic fish species that forage exclusively in the sea-
grass beds (i.e. δ13C > –14‰) and pelagic species such
as Harengula humeralis and Selar crumenophthalmus
with a depleted δ13C signature (average of –17‰).
Segregation in feeding time was especially obvious
for fishes feeding on macrozoobenthos. Segregation in
terms of food occurred between and within fish fami-
lies and feeding guilds, with most species specialising
on specific food items and only a few consuming a
wide variety of food items. Some species showed spa-
tial segregation in feeding habitats by apparently for-
aging in adjacent mangroves. Food specialisation and
segregation is a possible explanation for a diverse fish
community with a high number of coexisting fish spe-
cies within a seagrass bed.
When food abundance is limiting and species com-
pete for food, overlap of resource use is usually small
(Sale 1974). In Spanish Water Bay, however, the abun-
dance of the food types most commonly eaten by the
seagrass fish community (seagrass leaves, seagrass
epiphytes, Tanaidacea, macrozoobenthos) is much
higher in the seagrass beds than in other bay habitats
and on the coral reef (Nagelkerken et al. 2000a, 2001).
Even though resources are possibly not limiting in the
seagrass beds, the fish community of the seagrass bed
displayed a very narrow dietary breadth, and a signif-
icant degree (93.5%) of resource partitioning by fish
species. The previously formulated null hypothesis
can therefore be rejected, since fishes showed a non-
random segregation along several resource axes. The
question remains as to why such a high degree of
resource-partitioning was observed. Although such
partitioning does not prove the existence of interspe-
cific competition for food, it can indicate that competi-
tion may have played a role in the evolution of the
coexistence of the fishes (Sale 1974). The seagrass
beds have a lower species richness than the adjacent
coral reefs, but a much higher density of juvenile fish
species of specific genera that probably use this habi-
tat as a nursery (Nagelkerken & van der Velde 2002).
These high fish densities of species favouring similar
food types (e.g. algae or crustaceans) may have played
a role in the high degree of niche segregation in the
seagrass habitat.
Interestingly, species were not only segregated
along 1 resource axis at a time (31.6%), but also along
2 (46.7%) or 3 (15.2%) different resource axes. This
type of multiscale segregation has not received much
attention in studies on fish communities of tropical sea-
grass beds. If resources were limited and many species
co-existed that fed on a limited set of food types, segre-
gation along 1 resource axis might not be sufficient to
avoid potential food competition. Segregation along
multiple resource axes would in this case favour
the coexistence of species with comparable feeding
habitats, for example Gerreidae, Haemulidae, and
Lutjanidae, which all feed on crustaceans.
Nowadays, most coastal ecosystems have been af-
fected by historical human interference, such as over-
fishing, that has resulted in changes in their structure
and functioning (Jackson et al. 2001). Also, Spanish
Water Bay is surrounded by coastal development, of
which the influence on the trophic structure of the
seagrass bed fish community is unknown.
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In conclusion, the present study has shown that sev-
eral seagrass fish species have a very narrow diet
breadth, and that significant segregation in resource-
use is present. Segregation occurs along 1, 2 or some-
times 3 different resource axes at the same time: feed-
ing time and diet (33.3%), diet only (25.5%), time,
habitat and diet (15.2%), habitat and diet (13.4%),
time only (3.5%), and habitat only (2.6%). In only 6.5%
of the cases did species show no segregation in the
resources studied. If resources are limited, coexistence
of species in a diverse seagrass fish assemblage may
arise though multi-axis resource-segregation. Inde-
pendent of resource availability, the study has shown
that even though fish species richness is much lower
than on a coral reef, a relatively high degree of feeding
specialisation does occur within the fish community of
seagrass beds.
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